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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 10 
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FIG. 16 ^ — , 

( Enter ) 

Perform a pre-operative scan of a patient using the CT scanning device while the patient 
maintains a respiratory state to generate scanning data and generating a first plurality 
of digital images of an internal anatomy of the patient based on the scanning 

data using a CT scanning device control computer 

Monitor the respiratory state of the patient during the pre-operative scan to determine the 
predetermined respiratory state of the patient using a respiratory monitoring computer 
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Transmit the first plurality of digital images from the CT scanning device control computer 

to a robot control computer 
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Select a first digital image from the first plurality of digital images using 
the robot control computer, the first digital image illustrating an area of interest for a 

target position 
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Select a target position for an end effector tip on the first digital image using the robot control 
computer, the target position corresponding to a position in a digital image coordinate 

system 
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Select a second digital image from the plurality of digital images using the robot control 
computer, the second digital image illustrating an area of interest for a skin 



entry position 
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Select a skin entry position for an end effector tip on the second digital image using the robot 
control computer, the skin entry position corresponding to a position in the digital image 

coordinate system 
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Calculate a trajectory path for the end effector tip in the digital image coordinate system using 
the robot control computer for moving the end effector tip from the skin entry position to the 
target position using a robotic end effector positioning device and an end effector driver 
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Position the robotic end effector positioning device in a scanning region of the CT scanning 
device so that a fiducial component disposed on end effector driver can be scanned by 

the CT scanning device 
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Perform a scan of the fiducial component using the CT scanning device to generate at 
a second plurality of digital images of the fiducial component using 
the CT scanning device control computer 
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Transmit the second plurality of digital images from the CT scanning device control 

computer to the robot control computer 
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Determine a position of the fiducial component in the digital image coordinate system 

using the robot control computer 
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Determine a first coordinate transformation matrix for transforming coordinates in the 
digital image coordinate system to coordinates in an end-effector coordinate system using 
the robot control computer based on: (i) the position of the fiducial component in the 
end-effector coordinate system, and (ii) the position of the fiducial component in the 

digital image coordinate system 
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Determine a second coordinate transformation matrix for transforming coordinates in the 
end-effector coordinate system to coordinates in a robot coordinate system using the 
robot control computer based on the robot kinematics properties 



i 



Determine a third coordinate transformation matrix for transforming coordinates in the 
digital image coordinate system to coordinates in the robot coordinate system based on 

the first and second coordinate transformation matrices 
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FIG. 18 
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Determine a trajectory path in the robotic coordinate system by transforming the trajectory 
path specified in the digital image coordinate system via the third coordinate 
transformation matrix using the robot control computer 
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Move the robotic end effector positioning device holding an end effector such that the end effector 
tip is placed at the skin entry position and orientate the end effector coincident with 

the predetermined trajectory path 
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Monitored respiratory state 
predetermined respiratory state? 



No 



Yes 
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Calculate the target position coordinate on the trajectory path in the robot coordinate 

system using the robot control computer 
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The robot control computer induces the end effector driver to move the 
end effector tip toward the target position when an operator activates a joystick 




The robot control computer stops translational movement of the end effector 



